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1 INTRODUCTION: 
	
Many attempts have been made to understand the functioning of the 
human brain and the various factors that influence it. The human brain 
is the center of complex thought processes and the seat of coordination 
of various functions of the body. The human brain is developing 
everyday with the vast input of new thoughts, information and 
emotions. Many attempts have been made to understand how the brain 
functions in such a complex manner and with the modern 
development of modalities like fMRI, PET etc there has been 
significant progress in understanding the human brain. It is known that 
the specific regions of the brain are assigned a specific function and 
any effect on these regions manifest clinically as loss of that particular 
function. However the different regions cannot function as individual 
components but are all connected to each other to form a series of 
complex networks through which the brain functions.  
It is through these networks and interactions of various parts of the 
brain that human beings display such complex actions, behavior and 
thought processes. Education is an important source of intellectual, 
emotional and cultural stimulus to the brain. In modern times, 
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education is not just about gaining more information on a particular 
aspect but the all-round development of an individual. This is more 
relevant and true in the case of medical education as individuals going 
through years of medical training are exposed to different people, 
different working conditions, various degrees of emotions, stress and 
most importantly gaining of vast amount of knowledge. In this study, 
we look at how education affects the growing brain of students in not 
only the functional aspects but structural aspects as well and in turn 
look at how these findings can be applicable in clinical situations 
especially in cognitive disorders like dementia, Alzheimer’s. It is 
expected that the various networks of the brain will be influenced with 
medical education, and in this study we aim to map out specific 
regions in which these changes occur and also try to correlate with 
previous literature and identify the significance of these changes and 
how they can be applied to clinical practice. 
While fMRI is a method which is usually associated with assessing 
the functional aspects of the brain based on various tasks of activity, 
there has been an increasing number of studies which aim to study the 
functional activity of the brain at rest. Our study is a resting state 
functional MRI study in which we not only aim to show the regions 
in which changes occur following medical education but also the 
interactions between these regions. The understanding of the brain 
function gained so much importance in the recent past as many 
cognitive disorders came into light. fMRI is an upcoming modality 
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currently preferred to study various cognitive disorders (1)(2). There 
have been many resting state fMRI studies which have described the 
alteration in brain networks in many conditions like depression (3), 
Alzheimer’s disease (4), Multiple sclerosis (5), spatial neglect 
syndrome (6) and seizures (7). 
In our study we aim to show that there are significant changes in the brain 
relating to memory, language, motor functions, behavioral and cognitive 
functions after five years of medical training and how this knowledge can 
bring us closer to understanding the brain and its functions and how this 
can be applicable in clinical practice. 
 
 
2 REVIEW OF LITERATURE: 
 
As mentioned above, the human brain is a complex structure composed of 
various structural and functional networks and much effort is being taken 
to understand the functional aspects of the brain. The brain can be studied 
in terms of structural and functional aspects. 
Magnetic Resonance Imaging (MRI) is a very useful modality to assess the 
structural aspect of the human brain as the soft tissue structures are very 
well delineated by MRI. There are many pathologies which can alter the 
structural aspect of the human brain such as tumors, infections etc. These 
pathologies usually manifest clinically as a problem in the functioning of 
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that region of the brain and reflect the overall deterioration of the patient in 
various aspects related to behavior, thoughts, memories, emotions etc. 
Hence the structural and functional aspect of the human brain are 
interrelated. The brain is thought to have specific regions which are 
responsible for specific actions which is proven by functional MRI as 
described in detail later. A lot of advances in MRI such as the introduction 
of Magnetic resonance spectroscopy (MRS) and Diffusion tensor imaging 
(DTI) have all contributed to the better characterization of the structural 
changes of the human brain. 
However, in recent times a lot of importance has been given to understand 
the functional aspect of the brain due to the rising number of cognitive 
disorders. Structural changes in the brain in various cognitive disorders are 
very non-specific and also the functional ability of the brain is of more 
clinical relevance in these patients. fMRI helps us to understand the various 
functional networks, many of which are related to cognitive functions (8) 
(9)(10). Many cognitive disorders have been studied using fMRI as these 
disorders may not necessarily have any gross structural abnormality to be 
assessed with the usual brain imaging and fMRI studies have shown an 
alteration of functional networks in these conditions (a detailed description 
of the clinical applications of fMRI has been discussed later). Hence the 
knowledge of brain networks has gained much significance in the past 
decade. Functional MRI (fMRI) has brought us closer to understanding 
these networks. 
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What is functional MRI (fMRI) ? 
fMRI is a non – invasive upcoming modality which is being used to study 
the various brain networks by assessing the BOLD (Blood Oxygen Level 
Dependent)  signal, which was first proposed by Ogawa et al(11) after 
which many human studies based on the BOLD principle (12) (13) were 
started which paved way for extensive research in this area. 
 
2.1 BOLD Principle: 
	
It is known that MRI is based on the magnetic properties of hydrogen nuclei 
present in our body. The time decay constant of the hydrogen nuclei in a 
magnetic field with various inhomegenities is termed as T2* (14) . These 
inhomogenities are influenced by various tissue and physiological factors 
including the local blood flow activity (15) which in turn is influenced by 
neural activity. Neural activity results in spatially varying inhomogenities 
that can be measured with T2* at high spatial resolution across the entire  
brain (15). There is a change in the relative concentrations of the 
deoxygenated and oxygenated blood due to the difference in local blood 
flow activity and the local tissue metabolism influenced by neural activity. 
Deoxygenated blood (dHb) is said to influence the MR signal (16) 
predominantly due to its paramagnetic nature (17). There is a strong 
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relationship between the T2* and the concentration of dHb in a particular 
region of the brain (18), where in, the presence of dHb decreases the T2* 
value (19). There is however an increase in the BOLD signal which is 
secondary to the increased cerebral blood flow (CBF) to that region (20) 
(21). Some studies have stated that the BOLD mechanism is reflective of 
the input and processing in a given area rather than the spiking output of 
that particular area (22). 
BOLD signal is currently being used widely for a better understanding of 
the brain networks as it is known to be a fair accurate measurement of 
neuronal activity (23) (24) 
In conclusion, BOLD signal is an indicator of the presence of metabolism 
and the variations in blood flow of a particular region in the brain which in 
turn indicates neuronal activity. As a general rule, it was thought that there 
was increased activity in a particular region of the brain secondary to a task 
or function performed by the individual. Hence, a lot of task based fMRI 
studies came into existence and a lot of research has dealt with mapping 
out the brain networks responsible for particular tasks. However as per the 
energy consumption of the brain secondary to metabolism, task based 
energy consumption was seen to be only < 5% (25) whereas the ongoing 
resting energy consumption of the brain amounts to 20% of the whole body 
energy consumption (26). Recent research has shown the presence of low 
frequency fluctuations (< 0.1 Hz) of the BOLD signal found to be present 
in areas of the brain even in the absence of a specific task or special 
attention demands, i.e at rest (27) (28) (29) and the concept of resting state 
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fMRI was introduced. Resting state fMRI will be discussed in detail as this 
study was a resting state fMRI study. 
 
Methods of BOLD signal analysis: 
There are various methods used for the analysis of the BOLD signals and 
arriving at a definite conclusion. 
The first principle is the analysis of the BOLD signal in a localized region 
of the brain. The network homogeneity, amplitude of low frequency 
fluctuations (ALFF) of signals can be assessed in a single region. 
The main principle which is currently in use now and forms the basis for 
most of the fMRI analysis methods is in which the signal of different 
regions of the brain is assessed and the relationship between these regions 
can be assessed. These methods have been used in various studies to map 
out the networks involved in motor, visual, auditory, language, attention 
networks and default mode networks. These networks have shown to be 
consistent across various subjects and have been reproduced with accuracy 
between different individuals using these methods of analysis. Currently, 
many studies are using these analytical methods to describe the brain 
networks.  
Some of the methods currently in use are clustering, independent 
component analysis and seed to voxel based analysis which has been used 
in our study and has been described in detail in methodology. 
 17 
The brain networks can be described as either large, medium or small scale 
networks. Due to the technical feasibility most of the described networks 
are of the large scale type. 
Independent component analysis is a technique which has good spatial and 
temporal resolution. In this method, the two dimensional data (time x 
voxels) is broken down into a set of time courses and the related spatial 
maps. These together attribute to the temporal and spatial characteristics of 
the signal (30) 
Graph theory is currently the widely used method of analysis of resting 
state fMRI data and hence will be explained in detail  
Graph theory is based on the principle that a particular network is a 
collection of edges and nodes, where the regions of interest are represented 
by nodes and the connections between them are represented by edges. The 
functional connections can be measured by the temporal correlation 
between the spatially remote neurophysiological events.   
The complex brain network can be represented on a graph G(N,K) where 
N represents the number of nodes and K represents the number of edges. 
The number of edges connected to a particular node is known as its 
“degree” which is a measurement of connectivity of the node with the other 
nodes in a network. The degree is calculated as, ki = ∑j€Gaij where aij is the 
jth column and ith row of the matrix A.  
The mean of all the degrees of nodes is represented by G and shows the 
extent of connectivity.   
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By using the graph theory method it is not only possible to visualize the 
overall connectivity of the brain but also to quantify this global 
organization (31). It also gives us information about the brain topological 
reconfiguration secondary to external task modulation. This method also 
elucidates the relationship between the structural and functional brain 
networks which have been shown to organize as small world networks 
which are capable of transferring information very efficiently. An over 
view of the steps of the graph theory are simplified and shown in the flow 
chart below:  
 
Extraction of time course from the resting state fMRI data within a 
particular region of interest (node) 
 
Determining the edges (functional connectivity matrix calculation)  
Getting a biniary/association connectivity matrix from the 
correlation matrix  
Graphical representation of the association cortex  
 
This is currently thought to be the most accepted method of analysis and 
will be employed in our subsequent study wherein we plan to analyze the 
difference in the resting state networks of the second group of individuals 
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with no medical training exposure after the completion of their four and 
half years of medical training  
 
2.2 RESTING STATE fMRI: 
	
As mentioned earlier, low frequency BOLD signals were found to be 
present even in the absence of a specific task, essentially meaning that there 
was an indication of significant neuronal activity even at rest. 
These signals were originally thought to be secondary to physiological 
artifacts secondary to cardiac pulsations and respiration, however now are 
thought to be due to an underlying neural basis (32) (33). 
Justification of low frequency BOLD signals: 
- These signals are seen in prominent areas of the brain like Broca s 
and Wernicke s area (34) which are known to be involved in speech, 
in the motor cortex, amygdyla (35) and visual centers (30) 
- These signals have been reproduced with consistency among 
healthy individuals (36) 
- An even more strong evidence to suggest the importance of these 
low frequency fluctuations is the correlation of these signals with 
activity on EEG (alpha, beta, theta and delta waves) (37)(38) 
 
These signals are not seen at random but are said to correlate with one 
another and in turn connect remote regions of the brain and is termed as 
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“functional connectivity”. There is a constant interaction between these 
various functional networks in the brain, even in the absence of  external 
activity (39). These signals are seen to also decrease in the presence of a 
task and there is a constant shift between the “intrinsic / task negative” 
mode and the “extrinsic / task positive” mode (40). 
The low frequency signals represent the intrinsic energy of the collective 
firing of the neurons, which are wired together through synaptic plasticity 
(41) and have been collectively termed as “resting state networks”  (42). 
More about the resting state networks is described below. 
 
RESTING NETWORKS: 
Low frequency BOLD signals seen at rest are not only localized to 
particular regions in the brain but there is a constant interaction between all 
these regions which in turn form networks, termed as “resting state 
networks” 
Resting state networks are now thought to play a major role in the cognitive 
processes of the brain (43) and much importance is being given for the 
better understanding of these networks. 
Many studies have attempted to map out the various functional networks 
of the brain (44)(45)(46)(47)(48) 
Some studies have shown low frequency signals to be found mainly in the 
posterior cingulate cortex (PCC) and ventral anterior cingulate cortex 
 21 
(vACC) which led to the hypothesis that these regions constitute a network 
supporting a default mode of brain function, which was named as the 
Default Mode Network (DMN) (42)(49). Decrease in activity of this 
network is seen during performance of a task (50) showing it to be a strong 
component of the resting state networks. This network is seen not only to 
decrease in activity during a task but also is known to be negatively 
correlated with the other brain networks involved in the performance of a 
task (51) 
Beckmann et al described 8 resting state networks using Independent 
component analysis (30) which were later studied extensively by many 
studies. The important resting state networks are mentioned below along 
with a representative diagram for each:  
 
1. Visual network (52) including the primary visual cortex and the 
extra striate visual cortex 
 
 
 
 
 
SAGITTAL																											 AXIAL																												
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2. Auditory network (53) 
 
 
3. Somatomotor cortex which includes right and left somatosensory 
cortices (54) 
 
 
 
4. Default mode network (DMN) as described above – also involved 
in episodic memory 
 
 
SAGITTAL																											 CORONAL																											AXIAL																											
AXIAL																												CORONAL																											SAGITTAL																											
AXIAL																											CORONAL																										SAGITTAL																											
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5. A frontal operecular network which is related to executive control 
and salient processing (55) 
 
 
 
6. Dorsal and ventral attention systems (39) 
The dorsal attention systems are represented in blue and the ventral 
attention systems are represented in red  
 
 
 
 
 
 
AXIAL																												CORONAL																								SAGITTAL																											
AXIAL	CORONAL	SAGITTAL	
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7. Right and left fronto-parietal networks 
 
 
Images are adapted from a study by Jamila Andoh et al published in “The 
journal of neuroscience” October 2015 (149) 
 
 
One of the network of particular importance is the parieto-frontal network 
which has been studied extensively (56) and is found to play an important 
role in spatial awareness (57), reasoning (58), attention control (59) motor 
functions like hand movements ( reaching, grasping and pointing) (60). In 
addition to these, one of the other very important association of the parieto 
frontal network is with intelligence (61) 
 
Negative BOLD signal: 
There is another entity termed as the “negative bold signal” or “negative 
correlation”. During the analysis of various fMRI studies, it has been 
shown that there were few regions which showed decrease in the BOLD 
AXIAL	SAGITTAL	
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signal in response to a specific stimulus. Various theories have been 
proposed to understand the origin of a negative BOLD signal. 
1. It could be related to a “vascular steal” phenomenon in which the 
blood flow is directed towards the areas of increased activation and 
hence resulting in a decreased blood flow to few regions, leading to 
a decrease in the BOLD signal. This theory goes in line with the 
BOLD hypothesis of correlating blood flow with an increase in the 
BOLD signal (62). However it is a known fact that the whole brain 
does not have a single source of blood supply and this hypothesis 
cannot be fully explained in regions with different sources of blood 
supply. 
2. Low BOLD signal could be secondary to actual “neuronal 
suppression”. The activity of the neurons is said to be decreased 
below the baseline level in response to certain stimuli. An example 
for this can be the suppression of the regions of the visual cortex not 
related to the retinopic visual cortex of a visual stimulus. 
3. There is another hypothesis which is based on the principle of the 
alteration of BOLD signal based on the oxygen delivery to a 
particular region and the oxygen consumption in the region.  This 
theory states that the regions of low BOLD signal are actually infact 
areas of very high neuronal activation which in turn increases the 
oxygen consumption to a point where the blood supply does not 
meet the consumption demands of that region and hence an apparent 
decrease in the BOLD signal is noted. 
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A lot of importance has been given to an increase in the BOLD 
signal but as discussed above and various studies have shown that a 
negative BOLD signal has a neurological association and should be 
given equal importance as a positive BOLD signal. Our study also 
showed areas with negative BOLD signal which have been 
described later. 
 
 
 
 
Superiority of resting state as compared to the task based fMRI:  
Studies have shown that during a task based fMRI, the task based BOLD 
signal accounted for only 20% of the total BOLD signal seen in a particular 
region (63). The rest of the BOLD signal was usually disregarded as noise 
and a majority of the BOLD signal was not analyzed. This later was found 
to be in correlation with the low frequency BOLD signals seen during 
resting state as described above. Hence resting state BOLD signal 
dominates over the task based BOLD signal and therefore resting state 
fMRI provides three times more signal to noise ratio than the task based 
fMRI (64). Also, task based fMRI is more difficult to perform, especially 
in patients with cognitive disorders in which most fMRI studies are being 
carried out. Patients may not be able to comprehend the task to be 
performed, where as in resting state there is no such problem as the patient 
has to quietly lie down in the gantry and no task is to be performed. Hence 
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resting state fMRI is being more and more preferred in the recent times, 
and a number of studies involving many clinical disorders are being done 
everyday 
There are many clinical implications of the functional aspect of the human 
brain, many other modalities have been used to understand the functions of 
the alert brain. Some of them include electroencephalogram (EEG), 
magneto encephalogram (MEG) and positron emission tomography (PET). 
There have been many studies on various cognitive disorders and also 
studies which seek to understand the normal brain using these modalities. 
fMRI has been preferred over these modalities due to: 
1. Non invasiveness – fMRI is a non-invasive procedure as compared 
to some modalities where there is a requirement of intravenous 
access and injection of contrast material to perform the scan (eg. 
PET) 
2. fMRI is said to have a better spatial and temporal resolution as 
compared to other modalities (77). Spatial resolution refers to the 
precise location of the signal in three dimensions, hence helping us 
to localize the area of the BOLD signal. Temporal resolution refers 
to understanding of neural dynamics at the level of a single 
functional area 
3. fMRI imaging involves the merging of structural and functional 
maps. Usually a T1 W sequence is performed as an anatomical guide 
onto which the BOLD signal mapping is merged. Hence fMRI not 
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only gives us the functional networks information but also 
information on the presence of any structural abnormalities unlike 
some modalities (Ex. EEG) which can give only neuronal functional 
information. 
4. In another study which combines fMRI and DTI imaging, it was 
shown that resting state functional networks reflects structural 
connectivity in the DMN (78) again establishing the reliability of 
networks mapped out by fMRI. Diffusion tensor imaging (DTI) is 
also a good tool to assess the connectivity of the brain, however due 
to anatomical constraints, DTI proves less superior to fMRI in the 
understanding the connectivity of the cerebellum (41). Resting state 
networks in fMRI provide better understanding of the cortico-
cerebellar and cortico-subcortical connectivity (79)(80) 
 
2.3 CLINICAL APPLICATIONS OF fMRI: 
	
The important clinical implications of fMRI which can assess these 
functional networks are: 
1.  Studying the differences of brain networks in patients with neurological 
and psychiatric conditions against normal individuals (65) This helps us in 
the better understanding of these conditions and for targeting specific areas 
of treatment. Various neurological conditions like Alzheimer’s, Fronto-
temporal dementia, cognitive impairment, ALS etc and psychiatric 
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conditions like Bipolar disorders, depression and schizophrenia are few of 
the conditions which have been studied. 
2. Obtaining diagnostic and prognostic information related to many 
neurological disorders (66) with the information obtained as explained 
above. New studies have come up for assessing severity of these diseases 
(for example in depression (3), schizophrenia (67) ). A better understanding 
of these conditions has also led to the prognostication in some diseases like 
Alzheimer’s (68) 
3. Some studies have used resting state fMRI to monitor treatment response 
by assessing the pre and post drug treatment fMRI (69) 
4. Another very important clinical application of fMRI is in neurosurgery 
where in it is used to assess the mass effect of brain tumors on the 
surrounding brain parenchyma (70) 
5. Also for the preoperative assessment of brain tumors, for planning and 
targeted intervention, to reduce the risk of post -  operative neurological 
deficit (71) (72) 
6. For a better understanding of various neurodegenerative conditions (for 
example – Parkinson’s disease (73)) in which the functional networks are 
known to affect the cognitive functions in these conditions (74) (75). 
7. A more advanced use of fMRI is seen in epileptic patients where fMRI 
is used to identify an anatomical region which is seen to contribute the 
maximum to the epileptic discharge. Such patients may benefit from 
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surgery, paving way for the utilization of resting state fMRI in the pre-
surgical planning for epilepsy patients (76) 
 
 
2.4 FUTURE OF fMRI: 
	
The future of fMRI goes beyond just mapping out and labelling various 
regions correlating with one another and forming brain networks. As 
discussed above there are many methods by which the functional activity 
of the brain can be studied and by combining the different methods, it may 
be possible to obtain additional information. For example, it is now 
possible to simultaneously combine EEG recording and Trans cranial 
magnetic stimulation (TMS) with fMRI, making integration and 
modulation of electrical signal with hemodynamic processes a reality(81). 
A study which uses this new modality is the evaluation of the various 
triggers of startle myoclonus epilepsy, eating epilepsy and hot water 
epilepsy. Analysis of EEG-fMRI data is based on the visual identification 
of interictal epileptiform discharges on scalp EEG and the corresponding 
regional activation of fMRI. This concludes that continuous EEG recording 
can improve the modelling of BOLD changes related to interictal epileptic 
activity and this can thus be used to understand the neuro-haemodynamic 
substrates involved in reflex epilepsy(82). It has also been shown using 
fMRI that there is significant therapeutic benefit with repetitive transcranial 
magnetic stimulation in writer’s cramp in the form of development of better 
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connectivity in the contralateral cerebral hemisphere (83). There have been 
many more studies which combine EEG and fMRI to give valuable output 
and insight into many conditions and treatment modalities, especially in 
conditions related epilepsy. 
 
2.5 BRAIN NETWORKS AND FACTORS THAT AFFECT IT: 
	
As mentioned above, the brain is affected by various factors like age, 
education, emotions, learning etc and hence the resting state networks of 
the brain are also known to be influenced by these factors. 
Resting state networks are different in childhood and in adulthood (84). 
The interactions in the brain are said to become more efficient with age and 
more mature, and integrate into a cohesive, interconnected network with 
increasing age (85) 
It is known that structurally the human brain is different between males and 
females and studies have shown a difference in the brain networks between 
different genders as well (86).  
The amount of physical activity and exercise is said to be inversely related 
to the amount of age related brain atrophy (86) and in turn cognitive 
decline. Increase in hippocampal volume with an improved performance 
on spatial memory tasks has been noted with exercise (88). A voxel-based 
morphometry study showed a positive correlation between the grey matter 
volumes in the cingulate and pre-frontal cortex and the levels of physical 
activity (89). 
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Stress and relaxation also show an effect on the resting state networks. 
Students in a lot of stress showed  significant increase in self-regulation 
and self-compassion with a short course of yoga, meditation and 
neuroscience didactics (144). This is more valid in our study as the 
differences in networks was assessed between two groups of different 
individuals with different levels of emotional quotients.  
Individual differences in cognition can have an effect on the strength of 
resting connectivity (87) (55) 
The brain reserve hypothesis which deals with brain atrophy states that the 
implementation of positive life style factors such as higher educational 
attainment, physical activity and low Body Mass Index increases the brain 
resilience against neuro-degeneration and its functional consequences (90). 
A possible explanation for this is the presence of better vascular health and 
cerebral blood flow in individuals with regular physical activity and who 
maintain a low BMI (91). 
There is enough evidence to show that that there have been significant 
changes in the fronto-parietal resting state networks with learning and 
education (92)(93) (94) and this network was concluded to be associated 
with intelligence and learning, however it is not the only network to be 
associated with learning as learning can be in various forms like visual, 
auditory, through practice etc and the various networks associated with 
these areas undergo many changes. There have been studies showing that 
visual perceptual learning modifies the spontaneous activity in the brain 
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(95) (86). Floyer – Lee et al showed that there is a significant increase in 
activation in the primary sensorimotor cortex contralateral to the hand 
which was trained in short and long term motor skill learning (96). In 
another study conducted by Dehaene et al, cortical networks of vision and 
language were shown to be significantly activated as children / adults learnt 
how to read (97) 
 
2.6 BRAIN NETWORKS AND EDUCATION: 
	
Intelligence is a combination of reasoning, problem solving, and 
learning. Because of its general nature, intelligence integrates cognitive 
functions such as perception, attention, memory, language, or planning, 
and hence is an area which offers a great scope for better understanding. 
Hence there have been an increasing number of studies on intelligence 
networks and the various factors which influence these networks. 
Education is said to have a major impact on intelligence and all of its 
components. There is a reason why there is so many studies related to the 
different aspects of education. It is because education plays an important 
role in shaping an individual in his / her young formative years. With the 
development of modern brain imaging techniques, used to study human 
cognition, emotion and learning, the various processes in the brain that 
were previously unknown are being revealed. This helps in the further 
progress of the field of research on human learning and development by 
helping the educators and researchers to understand the biological effects 
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and the outcome of new educational methods (145) (146). This knowledge 
is essential to develop better educational methods in schools / colleges 
which is the ultimate goal. Hence the integration of research and education 
is important to understand the current educational scenario and to improve 
the educational methods which ultimately leads to better equipped 
individuals and human beings in the coming generations. For this to work, 
research should not just be something which is isolated and done only in 
labs or institutions but research should move into the real world of 
educators and various educational practices (147). 
As we know, the brain undergoes continuous morphological changes as age 
progresses. During early infancy, a lot new synapses are in the course of 
development, where as in childhood there is fine tuning of these synapses. 
A good learning environment is known to have a better impact on the 
developing brain at this stage. Education is thought to have an impact on 
the morphological component of the brain. 
Education also is known to have an important role to play in the brain 
networks related to cognitive functions such as memory, behavior and 
language. Also, it has been known to have a major effect on cognitive 
decline with progression of age. Low educations status in an individual was 
shown to cause decline in the MMSE (mini mental status evaluation) score 
with age. This was observed mainly in the tests related to language and 
knowledge. There have been very few studies related to the effect of 
education on the brain networks. One study showed a significant difference 
in the networks of the dorso-lateral pre frontal cortex (DLPFC) and 
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posterior cingulate cortex (PCC) between school educated and college 
educated individuals during working memory encoding and retrieval (98). 
The same study also concludes that the number of years of education had 
an influence on the difference of networks between the two groups. 
Education not only has an effect on the functional connectivity but also on 
the structural aspects of the brain. The number of years of education also 
showed significant effect on the structural aspect where in higher number 
of years of education showed an increase in the gray matter volume in the 
superior temporal gyrus, the insula and the anterior cingulate cortex (99). 
Education may have an influence on memory as it involves the learning of 
new things. The disorders which affect the cognitive functions of the brain 
are known to show decrease in the brain reserve, also known as brain 
atrophy. In order to achieve a better understanding of these cognitive 
disorders, there have been many studies related to the factors affecting the 
brain reserve, of which education as a factor has also been studied and 
shown that a low education level increased the risk for dementia and 
Alzheimer’s disease (100). This can be attributed to the effect of education 
on the brain reserve as seen in a study conducted by Ho et al, which studied 
the volume of the temporal lobe between groups of individuals with 
increasing years of education, starting with some high school education, 
complete high school education, some college and complete college 
education and professional school education. This study showed a 2-3% 
increase in the temporal lobe grey matter volume with increment in the 
educational status (91). This is an important finding with respect to 
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Alzheimer’s disease where brain atrophy is said to begin in the temporal 
lobes (101).  Another study showed that in patients with higher educational 
status, there was a delay in the cognitive decline indicating higher education 
status as an indicator of better brain reserve  (102). There have been several 
other studies showing a significant effect of education on the brain reserve 
(103), one study showing preserved white matter in the inferior frontal 
regions in healthy adults with higher educational status (104) 
 
In this study we aim to show the differences in connectivity related to the 
learning of new things and exposure to various situations as individuals go 
through medical training. 
 
3 METHODOLOGY: 
	
3.1 Sample:  
	
A total number of 48 normal, healthy medical students belonging to 
Christian Medical College (CMC), Vellore were included in the study, and 
were divided into two groups. All the participants were admitted into the 
medical course on the basis of a common written entrance exam followed 
by an interview, both of which were conducted by CMC, Vellore. The first 
group consisted of 22 individuals who completed five years of under-
graduate medical training in CMC, Vellore. The second group consisted of 
26 individuals who newly joined the course and had 4 months of exposure 
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to medical training. The mean age of the individuals of the first group was 
24.75 (24-27) and the mean age of the second group was 17.8 (17-19). 
There were a total number of 23 boys (11 in the first group and 12 in the 
second group) and a total number of 25 girls (11 in the first group and 14 
in the second group). Male to female ratio was 1:1 in the first group and 
0.8:1 in the second group. All the participants were residing in CMC, 
Vellore at the time of the study in their respective hostels. The study was 
approved by the Institutional Review Board of Christian Medical College, 
Vellore and written informed consent was provided by all participants. 
3.2 Experiment design:   
	
As this was a resting state fMRI study, all the subjects were asked to lie 
down in supine position with eyes closed and instructed not to move 
throughout the entire duration of the scan. Foam pads were used to reduce 
the amount of head motion. Subjects resting state fMRI (rsfMRI) were 
acquired, preprocessed and analyzed to determine the differences of resting 
state networks between the two groups. The average marks of the students 
in their respective internal assessment were also obtained and were 
correlated with the results obtained after the analysis. 
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3.2.1 fMRI Acquisition protocol:  
	
 Scans were acquired with 3 Tesla Philips Achieva scanner in the 
Department of Radiodiagnosis, CMC, Vellore. Anatomical scan was 
acquired with a T1 MPRAGE sequence with the following parameters: 
FOV - 230mm, slice thickness - 3 mm and the number of slices per slab 
was 176, voxel size was 0.9*0.9*0.9mm. fMRI was acquired with an Spin 
echo EPI sequence using blood oxygen level dependent (BOLD) contrast 
with the following acquisition parameters: TR - 2300 ms, TE - 35 ms, FOV-  
230 mm, flip angle – 90 degrees, slice thickness was 4mm, number of slices 
obtained was 34, voxel size was 3*3*3 mm and the matrix was 128*128. 
 
3.2.2 fMRI pre-processing:   
	
Pre-processing was done using Statistical Parametric Mapping 8 
5(www.fil.ion.ucl.ac.uk).  Pre-processing steps included Realignment, Co 
registration, Normalization and Smoothing. Realignment was used to 
discard the movement artifacts in fMRI time-series.  A high signal to noise 
ratio is essential to obtain favourable results. Hence it is essential to 
eliminate all noise of which motion is a main component. Motion 
correction is of utmost importance to maintain a high signal to noise ratio 
and lack of motion correction will lead to spurious results (105). Five 
subjects (Two from the first group and three from the second group) were 
excluded in the realignment step as the translation motion exceeded 2 mm. 
The translation and rotation motion did not exceed ± 2mm and 0.5 Radians 
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respectively in the rest of the 43 subjects. The representative images of 
translation motion not exceeding and exceeding 2 mm is shown below as 
image 1 and 2 respectively. 
 
	
  Figure 1 - Graphical representation of head motion not exceeding 2 mm 
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Figure 2 - Graphical representation of head motion exceeding 2 mm 
	
3rd degree B Spline interpolation with registration to the first image was 
used.  The structural data was segmented for grey matter, white matter and 
CSF to remove the effects of head motion and white matter and CSF noise 
reduction. The source image was the mean image after realignment.  The 
Images to write included both mean and realignment images. The Smoothing 
at full-width half maximum (FWHM) was 8 mm. Masking and wrapping 
were not used in any step. 
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3.2.3 fMRI analysis:  
	
Analysis was done between the two groups of medical students to derive 
the differences between the resting state functional networks between the 
two groups. Seed – to – Voxel based functional connectivity analysis method 
was used for the same. 
Seed based connectivity analysis: 
This technique was first used by Biswal and colleagues (106) to describe 
brain networks and is known to map out the resting state functional 
networks with moderate to high reliability (36) 
This method requires a prior selection of a voxel or a cluster or a region 
in an atlas and this selection is usually based on previous literature. This 
data is then used in a general linear model analysis (GLM) in which the 
signal obtained from an individual voxel / seed region is correlated with 
the BOLD signals of the voxels within this particular region with each 
other and with various other regions in the brain. Based on this, voxel-
wise connectivity maps are created (107). This method provides a relevant 
and straight forward answer to a specific question asked, as it shows the 
functional connectivity networks which are strongly associated with a 
particular seed voxel or region of interest (ROI). 
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As described, seed – to – voxel connectivity analysis was done by computing 
the temporal correlation between the blood oxygen level dependent (BOLD) 
signals to create a correlation matrix showing connectivity from the seed 
region to all the other voxels in the brain by using CONN, version 16.L 
software implemented in SPM 8. The preprocessed data was used for CONN 
based seed to voxel based analysis. The first level analysis was done with 
the General Linear Model to determine significant connections at the 
individual level. Seed region-to-voxel Fisher transformed connectivity maps 
were created to correlate seed region signals with voxel signals throughout 
the whole brain. Second level analysis was done to create statistical 
parameter maps for each network within the groups and to examine 
connectivity differences between groups. 
 
Statistical analysis:  
Voxel wise paired t-test analysis was done between the two groups of final 
year and first year medical students to detect regions with significant 
intergroup differences. The between-subjects contrast of “final year > first 
year” was given. Whole brain cluster – level, false discovery rate (FDR) 
corrected threshold value of p < 0.001 was given for the between-group 
statistical parameter maps which was more stringent than the normal p value 
of < 0.05. The average marks of the students belonging to the both groups 
were obtained from their respective internal assessment, which reflects the 
overall performance of the subject. Two sample   student’s t-test between 
two groups average marks did not show any statistically significant 
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difference indicating that scholastic performance of the students did not have 
any significant influence on the resting state networks. 
4 RESULTS: 
 
The first group consisted of 22 individuals who completed five years of 
under-graduate medical training in CMC, Vellore. The second group 
consisted of 26 individuals who newly joined the course and had 4 months 
of exposure to medical training. The mean age of the individuals of the first 
group was 24.75 (24-27) and the mean age of the second group was 17.8 (17-
19). There were a total number of 23 boys (11 in the first group and 12 in the 
second group) and a total number of 25 girls (11 in the first group and 14 in 
the second group). Out of the 48 individuals, 13 of them played one or more 
sport professionally, 12 of them had one or more of their family members 
who were involved in the medical profession, 8 of them were musically 
oriented with skills to play one or more musical instrument professionally 
and 5 of them had other talents (2 – theatre, 3 – dancing, 2 – art like pottery 
and painting). These differences were not statistically significant between 
the two groups. Hence, both the groups were adequately matched in the areas 
of male to female ratio, study and living environment. The demographic 
details are represented in table 1 
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SUBJ
ECT 
AG
E 
M/
F 
FINAL 
YEAR / 
FIRST 
YEAR 
MEDICALOFESSIONA
L PRS IN THE 
IMMEDIATE FAMILY 
PRIZE 
EXAMS 
MUSICAL 
TALENTS 
SPOR
TS 
THEA
TRE / 
ACTIN
G 
DAN
CE 
A
RT 
med0
02 24 F 1 Y N N Y N Y N 
med0
03 26 M 1 N N N N N N N 
med0
04 25 M 1 N N N N N N N 
med0
05 25 F 1 N N N N N N N 
med0
06 24 M 1 Y Y N N N N N 
med0
09 24 F 1 N N N Y N N N 
med0
10 24 F 1 N N N N N N N 
med0
11 24 F 1  N N N N N N 
med0
12 24 F 1 N N N N N N N 
med0
15 25 F 1 N N N N N N N 
med0
16 25 F 1 N N N N N N N 
med0
17 24 F 1 Y N Y N Y N N 
med0
18 25 F 1 Y N N Y N N N 
med0
19 26 F 1 N N N N N N N 
med0
21 26 M 1 N N N N N N N 
med0
22 24 M 1 N N N N N N N 
med0
23 25 M 1 N N N Y N N N 
med0
24 26 M 1 N N N N N N N 
med0
25 25 M 1 N N N N N N N 
med0
27 24 M 1 Y N N N N N N 
med0
32 18 M 0 N N Y N N N N 
med0
34 17 M 0 Y N N N N N N 
med0
35 18 M 0 Y N Y Y N N N 
med0
36 18 M 0 Y N N N N N N 
med0
37 19 M 0 N N N N N N N 
med0
38 18 M 0 N N N N N N N 
med0
40 18 M 0 N N N N N N N 
med0
41 17 M 0 Y N N N N N N 
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Table 1 - Demographic data of the study groups 
	
Among all the demographic variables, the age of the subjects between the 
two groups was statistically significant (t test, p value < 0.01), which was 
separately regressed during the analysis between the two groups. The 
average of the maximum head motion in translation and rotation did not vary 
significantly between the two groups. The two groups were adequately 
matched in the other aspects as described above. 
 
 
 
med0
42 17 M 0 Y N N N N N N 
med0
43 18 M 0 N N Y N N N N 
med0
44 18 M 0 N N N N N N N 
med0
46 19 F 0 N N N N N N N 
med0
47 18 F 0 Y N N N N N N 
med0
48 18 F 0 N N Y N N N N 
med0
49 18 F 0 N N N N N N Y 
med0
50 17 F 0 N N N Y N N N 
med0
53 17 F 0 N N N N N N Y 
med0
54 17 F 0 N N N N N N N 
med0
55 18 F 0 N N N N N Y N 
med0
56 18 F 0 N N N Y N Y N 
med0
57 18 F 0 N N N N N N N 
med0
58 17 F 0 Y N N N N N N 
med0
59 19 F 0 N N N N Y N N 
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4.1 The resting state networks of the first group which completed five 
years of medical training: 
	
	
Figure 3  Schematic representation of resting state networks in final years 
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To describe all the networks is beyond the scope of this study, hence the 
networks which connect the right inferior temporal gyrus – posterior division 
(pITGr) and the right supplementary motor cortex (SMAr) with other parts 
of the brain will be described. These are the specific regions which show 
increased connectivity in the group with five years of medical training than 
the group with no medical training, hence these networks are given 
importance. 
Connections of the right posterior, inferior temporal gyrus (MNI 
coordinates, 50, -6, -38) are seen with: 
- Ipsilateral (right) frontal lobe: right frontal pole, right 
frontal operculum cortex, right basal ganglia, right frontal 
orbital cortex 
- Ipsilateral (right) temporal lobe: right temporal pole, 
superior and middle temporal gyri 
- Ipsilateral (right) lateral occipital cortex 
- Ipsilateral (right) Insular cortex 
- Ipsilateral (right) central opercular cortex 
- Ipsilateral (right) Paracingulate gyrus 
- Cingulate gyrus (anterior divison) 
- Ipsilateral (right) cerebellar regions 1,6 and vermis regions 
6,7 
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Figure 4 Connectome ring of pITGr connections in final years 
	
Connections of the right supplementary motor cortex (SMAr) (MNI coordinates, 
-6, -7, -61) are seen with: 
- Ipsilateral (right) Frontal lobe: superior and middle frontal gyri, 
pre-central gyrus 
- Ipsilateral (right) Parietal lobe: right angular gyrus, right supra 
marginal gyrus (posterior divison) 
- Ipsilateral (right) occipital lobe: right lateral occipital cortex 
(superior division), right cuneal cortex, right occipital pole 
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- Precuneus cortex 
	
Figure 5 Connectome ring of SMAr connections in final years 
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4.2 The resting state networks in the second group, relatively new to 
medical training: 
	
As mentioned above, the connections seen with the pITGr and SMA r with 
the other regions of the brain are described 
	
Figure 6 Schematic representation of the resting state networks in first years 
 
Connections of the pITGr (MNI coordinates, 50, -6, -38)are seen with: 
- Ipsilateral (right) frontal lobe: Inferior and middle frontal gyri 
and pre-central gyrus 
- Ipsilateral (right) parietal lobe: Supramarginal gyrus, angular 
gyrus and fusiform gyrus 
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- Ipsilateral (right) temporal lobe: Superior, middle and inferior 
temporal gyri 
- Lateral occipital cortex (inferior division) 
- Right occipital pole and right temporal pole 
- Right cerebellum – regions 1,2 and 6 
	
Figure 7 Connectome ring of pITGr connections in first years 
	 
Connections with the right supplementary motor cortex (SMA r) (MNI 
coordinates, -6, -7, -61) are seen with: 
- Ipsilateral (right) frontal lobe – superior, middle and inferior 
frontal gyri, pre central gyrus 
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- Contralateral (left) frontal lobe – Inferior frontal and pre central 
gyri 
- Contralateral (left) parietal lobe – supra marginal and post 
central gyri 
- Cingulate gyrus, bilateral paracingulate gyri 
- Bilateral putamen (basal ganglia) 
	
Figure 8 Connectome ring of SMAr connections in first years 
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4.3 Differences in the resting state connectivity between the two 
groups (final year > first year) 
	
The above mentioned networks are just a glimpse into the resting state 
networks in the two groups. There were significant differences in the resting 
state network connectivity between the two groups as hypothesized in our 
study. The seed to voxel based analysis revealed significant differences 
involving the right inferior temporal gyrus (MNI coordinates, 50, -6, -38), 
right supplementary motor cortex (MNI coordinates, -6, -7, -61) and left 
cerebellum (MNI coordinates, -46, -52, -40) of the final year brain 
connectivity as compared to the first years. Below, we describe in detail the 
difference in brain networks which were increased in the group with five 
years of medical education as compared with the other group. The significant 
clusters with a minimum of 100 voxels are shown in table 2.  
 
4.3.1 Right Inferior temporal gyrus (posterior division) (MNI coordinates, 
50, -6, -38): 
	
Group 1 had increased connections with right inferior temporal 
gyrus with the following areas:  
- Ipsilateral (right) frontal lobe: right frontal pole, right frontal 
operculum cortex, right basal ganglia, right frontal orbital cortex 
- Frontal medial cortex 
- Ipsilateral (right) temporal lobe: right temporal pole 
- Ipsilateral (right) Insular cortex 
- Ipsilateral (right) central opercular cortex 
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- Ipsilateral (right) Paracingulate gyrus 
- Cingulate gyrus (anterior divison) 
 
	
Figure 9 Connectome ring of pITGr connections (final yr > first yr) 
    
	
Figure 10 Whole-brain-cluster-correlation maps of seed-to-voxel-based resting-state 
functional connectivity, final years > first years (FDR corrected p <.001) with seed 
region in the Right inferior temporal gyrus 
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Figure 11 Three dimensional representation of the pITGr connections (final yr > first yr) 
 
 
 
 
4.3.2 Right Supplementary motor cortex (MNI coordinates, -6, -7, -61): 
	
The right supplementary motor cortex revealed increased connections with 
the following: 
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- Ipsilateral (right) Parietal lobe: angular gyrus, supra marginal 
gyrus (posterior divison) 
- Ipsilateral (right) occipital lobe: lateral occipital cortex (superior 
division), right cuneal cortex 
- Precuneus cortex 
- Cerebellum, right occipital pole, post cingulate gyrus  
 
	
Figure 12 Connectome ring of SMAr connections (final yr > first yr) 
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- 	
Figure 13 Whole-brain-cluster-correlation maps of seed-to-voxel-based resting-state 
functional connectivity, final years > first years (FDR corrected p <.001) with seed 
region in the Right supplementary motor cortex 
 
 
	
Figure 14 Three dimensional representation of SMAr connections (final yr > first yr) 
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4.3.3 Left cerebellum (region 9) (MNI coordinates, -46, -52, -40): 
 
Some connections of left cerebellum revealed increased connections and few 
regions revealed decreased connections in the group 1 as compared to group 2. 
The regions that were increased are:  
- Frontal lobe: Bilateral Supplementary motor cortex, Cingulate 
gyrus (anterior division) 
- Right paracingulate gyrus 
	
Figure 15 Connectome ring of cerebellar increased connections (final yr > first yr) 
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Figure 16 Three dimensional representation of the SMAr connections (final yr > first yr) 
	
	
	
Figure 17 Whole-brain-cluster-correlation maps of seed-to-voxel-based resting-
state functional connectivity, final years > first years (FDR corrected p <.001) with 
seed region in the Left Cerebellum 
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The regions with decreased cerebellar connections in group 1 are:  
- Brain stem 
- Contralateral cerebellar hemisphere 
- Left parietal lobe: left angular gyrus, left supramarginal gyrus 
(posterior division) 
- Left occipital lobe: left lateral occipital cortex (superior division) 
 
	
Figure 18 Whole-brain-cluster-correlation maps of seed-to-voxel-based resting-state 
functional connectivity, final years > first years (FDR corrected p <.001) with seed 
region in the Left cerebellum 
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Figure 19 Connectome ring of decreased connections of the left cerebellum (final yr > first yr) 
 
	
Figure 20 Three dimensional representation of the decreased connections of Left cerebellum 
(final yr > first yr) 
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Table 2  Seed-to-Voxel-based connectivity results of only the significant 
clusters with more than 100 voxels (final year > first year)  
 
 
Seed region 
Connecti
vity 
region 
Cluster size p 
value (FDR 
corrected) 
Cluster 
size 
(Number 
of voxels) 
beta 
value T value 
 
 
MNI (x,y,z) 
Right Inferior 
temporal gyrus 
(posterior 
division) 
     
 
(50,-6,-38) 
R Frontal 
pole 0.00001 906 0.76 3.91 
 
(-34,46,20) 
(All increased 
connections) 
Frontal 
medial 
cortex  195 0.57 2.31 
 
(-27,63,3) 
 
R Frontal 
operculu
m cortex  233 0.9 4.13 
 
(-60,15,27) 
 
R 
Putamen  194 0.73 2.9 
 
(30,-3,3) 
 
R 
Caudate  143 0.37 2.33 
 
(10,22,-2) 
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Cingulate 
gyrus 
(anterior 
divison)  123 0.16 0.66 
 
 
(3,29,-5)) 
 
R 
Temporal 
pole  118 0.78 2.1 
 
(50,6,-18) 
 
R Insular 
cortex  422 0.82 3.11 
 
(40,-28,20) 
 
R Frontal 
orbital 
cortex  413 0.8 2.78 
 
(16,8,-10) 
 
R Central 
opercular 
cortex  257 0.59 2.1 
 
(45,-28,22) 
 
R 
paracingu
late gyrus  210 0.57 2.43 
 
(2,22,-2) 
Right 
supplementary 
motor cortex       
 
(-6,-7,-61) 
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R 
Angular 
gyrus 0.000001 750 0.9 3.58 
 
(-40,52,38) 
(Increased 
connections) 
R Supramarginal gyrus 
(posterior division) 420 0.84 2.91 
 
(47,-54,20) 
 
Precuneo
us cortex  198 0.38 1.19 
 
(4,-68,32) 
 
R Lateral occipital cortex 
(superior divison) 1965 0.73 3.07 
 
(-46,68,4) 
 R Cuneal cortex  195 0.75 2.85 
 
(18,-75,20) 
Left 
cerebellum 
(region 9)      
 
(-46,-52,-40) 
 Increased 
connections  
R Supplementary 
Motor Cortex 0.00001 223 0.63 3.65 
 
 
(26,-3,47) 
 
Cingulate gyrus 
(anterior 
division)  223 0.34 1.95 
 
(3,29,-5) 
 65 
 
 
L Supplementary 
motor cortex  150 0.53 3.71 
 
 
(-4,-4,60) 
 
R Paracingulate 
gyrus  257 0.29 1.7 
 
(2,22,-2) 
Left 
cerebellum 
(region 9) L Angular gyrus 0.00001 342 -0.58 -3.19 
 
(-40,-64,45) 
 
Decreased 
connections 
L Supramarginal 
gyrus (posterior 
divison)  124 -0.44 -2.79 
 
 
(-54,-43,19) 
 
L Lateral occipital cortex 
(superior divison) 1478 -0.61 -3.11 
 
(-48,-76,6) 
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The correlation graphs between the average marks of the students and 
the seeds which showed significant difference in the final years as 
compared to the first years are shown below: 
 
1. Average marks vs Inferior temporal gyrus (R) – posterior 
division: 
There is no significant correlation between the performance of the 
students and the difference in networks – p – 0.5208 (> 0.05) 
 
 
 
 
2. Average marks vs Supplementary Motor cortex (R): 
There is no significant correlation between the performance of the 
students and the difference in networks – p – 0.079 (> 0.05) 
R²	=	0.01033
-0.3
-0.25
-0.2
-0.15
-0.1
-0.05
0
0.05
0.1
0.15
0.2
0.25
35 45 55 65 75 85 95
Average	marks	vs	pITGr
p	-	0.5208 
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3. Average marks vs Cerebellum region 9 (L): 
There is no significant correlation between the performance of the 
students and the difference in increase in the network connectivity 
– p – 0.678 (> 0.05) 
 
 
 
 
R²	=	0.02935
-0.3
-0.2
-0.1
0
0.1
0.2
0.3
0.4
0.5
35 45 55 65 75 85 95
Avereage	marks	vs	SMAr
p-0.079
R²	=	0.10654
-0.25
-0.2
-0.15
-0.1
-0.05
0
0.05
0.1
0.15
35 45 55 65 75 85 95
Average	marks	vs	cereb9	(positive)	
p	-	0.678 
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4. Average marks vs Inferior temporal gyrus (R) – posterior 
division: 
There is no significant correlation between the performance of the 
students and the difference in decrease in the network connectivity 
– p – 0.713 (> 0.05) 
 
 
5 DISCUSSION: 
	
The results of the analysis of this study shows significant differences in the 
brain networks between two groups of individuals, one of which completed 
five years of medical training and the other had just 2 months of exposure 
to medical training. There was a significant age difference between the two 
groups which was separately regressed during the analysis. A few of the 
individuals had other talents like dancing, singing, theatre, playing a 
musical instrument or a sport professionally, some of them had one or more 
of their family members who were involved in the medical profession. 
R²	=	0.12273
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However these differences were not statistically significant between the 
two groups. Hence, both the groups were adequately matched in the areas 
of male to female ratio, study and living environment except in the number 
of years of medical training. Hence we attribute this change to be brought 
about the impact of medical education on the minds of these individuals. 
The differences in resting state connectivity seen in our study do not fit into 
a particular described resting state network, which have been described 
above. This could be attributed to the fact that the resting state networks 
were described predominantly using Independent component analysis 
(ICA) which shows the connectivity pattern as different networks. In our 
study, we employed the seed-to-voxel based method of analysis as we were 
interested to see the particular regions which were different between the 
two groups. The changes that were seen were mainly localized to the right 
temporal lobe, right supplementary motor cortex and left cerebellar 
hemisphere. 
 
5.1 Importance of the temporal lobe: 
	
Temporal lobe of the brain is known to be associated with psychometric 
intelligence and cognitive functions of the brain as seen with studies which 
show that patients with temporal lobe epilepsy show significant impairment 
in these areas. The right and left temporal lobes are not mirror images of 
each other but are different anatomically and functionally. The left 
temporal lobe is said to be anatomically larger than the right in areas 
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associated with the temporal speech cortex (108) raising the possibility that 
left temporal lobe dominates the right side in terms of speech function. The 
temporal lobe is known to be predominantly affected in patients with 
semantic dementia (109). Semantic dementia is a term coined to explain 
the condition of patients showing cognitive decline of predominantly 
conceptual database and underlying language (110), thus increasing the 
validity of the importance of the temporal lobe in these cognitive functions. 
The understanding of various new concepts is an important aspect of 
medical education. Studies on education have shown that problem based 
active learning positively affects the conceptual development of the 
students (111). The increase in the temporal lobe connectivity could be 
related to the understanding of new concepts, whether in relation to 
concepts about diagnosing or treatment. The other aspect in which the 
temporal lobe plays an important role is in the skills related to language. 
Lateralization of language related functions to the right temporal lobe is 
seen in fMRI in patients with intractable left temporal lobe epilepsy due to 
plasticity of the language networks (112). Medical training in a national 
institution like Christian Medical College involves dealing with and 
interacting with patients from all over the country and people of different 
languages. Communication is an important component of medical training 
and development of communication skills is essential for being a good 
doctor. The development of better networks in regions associated with 
language is thus a good sign. 
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Bilateral temporal lobectomy in female rhesus monkeys led to symptoms 
like psychic blindness (visual agnosia) and profound emotional 
disturbances (113) suggesting that the temporal lobe may have a role to 
play in emotions and visual processing. Empathy is an important emotion 
which develops in medical professionals while dealing with patients. The 
development of empathy involves a combination of foresight and insight 
and depends on evolution of structures of the brain associated with vision 
(114). 
 
5.2 Temporal lobe interactions: 
	
Temporal lobe is involved in various interactions with different parts of the 
brain forming a network. Studies have shown the involvement of the 
temporal lobe and the pre-frontal cortex in memory. The medial temporal 
lobe, involving the hippocampus, amygdala and the surrounding cortices 
are predominantly involved and these areas are seen to interact with the pre 
frontal cortex (anterior and lateral predominantly) during the process of 
memory (115). The pre-frontal cortex is responsible for recall and 
processing of information into memory (116) (117). These areas act in 
correlation with one another for encoding information and storing it in long 
term memory and during a task of memory retrieval showing that brain 
regions do not act independently but form networks across regions to 
perform certain functions and this interaction is important for the day to 
day functioning of the human brain (118). The information received can be 
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in various forms like visual, verbal, auditory etc, and based on the 
situations, tasks and demands, the information is processed and stored in 
long term memory (119). In our study, there was increased connections of 
the right inferior temporal gyrus with areas of the frontal cortex such as 
frontal orbital cortex, frontal and central opercular cortex, cingulate and 
paracingulate cortex. Memory encoding and retrieval is a very important 
component of medical education. Information to be remembered can be in 
the form of visual learning through pictures, clinical signs or in the form of 
auditory like lectures and through experiences. This information is 
processed and stored and is retrieved during exams, while treating a patient 
or while performing a procedure. 
Another important aspect of temporal lobe interactions that has been 
studied is the concept of “learning”. Few studies have shown the integration 
of different networks involving the parietal cortex and inferior temporal 
cortex (120) in task learning. The right hemisphere which in our study 
showed an increase in networks after medical education is shown to play 
an important role in object location memory (121), that is identifying the 
object, location of the object and retrieval of this information from memory 
(122)(123). There is no denying the fact that object location memory is very 
important for a doctor in training especially in the aspects of knowing the 
human body anatomy. 
A representative image of the temporal lobe interactions which are seen to 
increase after five years of medical training as seen in our study is shown 
below: 
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Figure 21 Connectome ring showing the right inferior temporal gyrus interactions 
(final yr > first yr) 
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Figure 22 Seed-to-voxel based connectivity maps showing the right inferior 
temporal gyrus interactions (final yr > first yr) 
 
5.3 Importance of supplementary motor cortex: 
	
The exact functions of the supplementary motor cortex was previously 
unknown and hence was named as a “supplement” to the motor cortex. 
However, in recent times with the advance of brain imaging methods, the 
supplementary motor cortex is now thought to be more of a requirement 
than a supplement (132). Electrical stimulation of the right supplementary 
motor cortex showed stimulation of sensations such as the “urge” to 
perform a certain action and evoked motor functions ipsilaterally and 
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bilaterally (133). This suggests that the supplementary motor cortex is 
involved in the thought control of an action and has left-right specialization. 
Our study showed increased activity in the right supplementary cortex in 
the group with five years of medical training. Supplementary motor cortex 
is anatomically located in the medial aspect of the brain and forms a part 
of the dorso-medial frontal cortex and the medial part of the Brodmann’s 
area. There has been increased activity in the medial frontal cortex in 
relation to adaptive goal-directed behavior (134). This kind of behavior 
involves the monitoring of ongoing actions, response errors and conflicts 
and unfavorable performance outcomes which subsequently influence 
behavioral changes and adjustments in performance. The performance 
adjustments are usually implemented by the lateral pre frontal cortex. This 
kind of behavior plays a major role in cognitive control and is also seen as 
the individual becomes more mature. Increased adaptive goal-directed 
behavior is a favorable outcome seen in the students who completed five 
years of medical training. 
 
Supplementary motor cortex interactions: 
As discussed, the supplementary motor cortex plays a major role in the 
intention to perform a certain action. The supplementary motor cortex, 
through mediation of the primary motor cortex and the medial limbic cortex 
is said to be crucial in programming, elaboration and fluent execution of an 
action sequence (135). Supplementary motor cortex plays an important role 
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as part of the striato-cortical pathway in time-processing during a task and 
increased activity of the supplementary motor cortex in the skillful control 
of time in time based tasks (136). Supplementary motor cortex along with 
the basal ganglia has been implicated in the time-keeping mechanism 
which can be stored in memory and can be retrieved by the frontal and 
parietal pathways (137) which as discussed above are essential for memory 
encoding and retrieval. Thus the supplementary motor cortex through 
various interactions and as a part of various networks and sub networks is 
known to play a major role in the time coding tasks in humans, that is, 
calculating and planning the duration of a known task and anticipation of 
time taken for a particular task. The role of the supplementary motor cortex 
as part of the medial frontal cortex in adaptive goal-directed behavior has 
been discussed in detail already. This behavior involves significant 
interactions between the medial and lateral frontal cortices (136) 
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Figure 23 Seed-to-voxel based connectivity maps showing the right 
supplementary cortex interactions (final yr > first yr) 
	
Figure 24 Connectome ring showing the right supplementary 
cortex interactions (final yr > first yr) 
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5.4 Importance of the cerebellum: 
	
The cerebellum has not been studied in detail as compared to the cortical 
regions. However there have been studies attributing the importance of the 
cerebellum in many motor functions, language and cognitive functions 
(124). Concerning motor functions, the cerebellum is said to be associated 
with the learning of higher and fine motor functions (125). These fine 
motor functions could be related to learning new procedures or can be 
related to excessive writing. 
The cerebellum has also been implicated in the development of language. 
It is thought that structural changes of the cerebellum developing over the 
course of evolution could have been a pre requisite for the development of 
human language (126). Structurally, the lateral part of the hemisphere is 
involved in language, planning and thought modulation (127) which are a 
main component of cognitive functions. In our study we have shown that 
there is increased activity in the region of the left cerebellar hemisphere. 
There is enough evidence to support that cerebellum plays a role in 
language and language related cognitive and behavioral functions (128) 
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Cerebellar-cortical interactions: 
Interactions between the cerebellum and various structures of the brain 
have been known. The cerebellum is connected to the frontal cortex 
through the pons, thalamus and para-hippocampal structures (129). The 
cerebellum is also known to interact with the cingulate gyrus (130) which 
is also seen in our study. There has been an increase in the connections 
between the supplementary cortex and cingulate, paracingulate cortex in 
the group which received 5 years of medical training. These interactions 
are responsible for performance of higher functions and complex behaviors 
seen in different people and cognitive abilities (131) 
 
	
Figure 25 Connectome ring showing interactions of the left cerebellum (increased 
connections, final yr > first yr) 
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Figure 26 Seed-to-voxel based connectivity maps showing the interactions of 
the left cerebellum (increased connections, final yr > first yr) 
 
Our study also showed a decreased connectivity between the left cerebellar 
hemisphere with the brain stem, the contralateral cerebellar hemisphere, 
ipsilateral parietal (angular and supra marginal gyrus) lobe and ipsilateral 
occipital lobe in the final year compared to the first year students. The 
reduced connections between the cerebellum and the parieto-occipital 
lobes and contralateral cerebellum could be reflective of suppression or 
pruning of these connections because of the increased cortical control. 
Pruning of existing connections with the development of cognitive control 
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is a well known phenomenon in adolescence and absence of normal 
pruning has been implicated in several diseases like alcoholism, autism etc. 
The negative correlations of the left cerebellar hemisphere with the 
different brain regions are represented below:  
	
Figure 27 Connectome ring showing the interactions of the left cerebellum 
(decreased connections, final yr > first yr) 
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5.5 Importance of the cingulate cortex and its interactions: 
	
In our study the cingulate gyrus (anterior division) has been seen 
consistently in the regions showing increased activity in the group with five 
years of medical training. Anterior cingulate cortex showed increased 
interactions with the right inferior temporal gyrus and the left cerebellum. 
As discussed earlier, higher educational status was associated with better 
brain reserve and better cognitive performance. Studies have shown that 
the increased interaction of the anterior cingulate cortex with other distant 
regions in the frontal, temporal and parietal lobes is one of the important 
underlying mechanisms of education related brain reserve seen in healthy 
adults (138). The same study showed increased connections of the anterior 
cingulate cortex with the hippocampus, posterior cingulate gyrus, angular 
gyrus and inferior frontal lobe. These connections were in turn related to 
better cognitive performances. The anterior cingulate cortex is different 
from the other fronto-cortical regions due to its involvement in multiple 
functions and functional overlap (139). 
1. Dense projections to the motor cortex and spinal cord raises the 
possibility of involvement in various motor functions 
2. The anterior cingulate cortex shows cortico-cortical connections 
with the lateral pre frontal cortex, suggesting its role in cognition 
3. Afferents from the thalamus and brain stem suggest the importance 
of Anterior cingulate cortex activation in the arousal / drive state of 
the brain. 
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Individual academic performance assessment was done in both the groups 
and we found that the groups performed as expected for the year of training. 
There were no failures and there were no significant remarkably 
outstanding performances. This further adds to the above results to state 
that the change in connectivity in the group is common for the years of 
medical training received  
 
6 LIMITATIONS: 
	
The major limitation of our study was the fact that the changes in the resting 
state networks were assessed between two groups of different individuals. 
In a task based fMRI study, where in the tasks performed were related to 
language, there were significant differences in the networks between two 
groups of different individuals with different cognitive abilities. This study 
concluded that there was a difference in the brain connectivity which was 
attributed to the prior cognitive status of the individuals (140). Can there 
be a significant difference in the cognitive abilities between the two groups 
leading to the changes in the brain networks, remains an unanswered 
question. However, in our study we assumed all the individuals are of a 
similar intellectual level as they had been admitted through a common 
entrance exam. We did not conduct a separate neuropsych evaluation for 
every individual. Also, the study mentioned above was a task based study 
related to language and our study was a resting state fMRI study and there 
have been studies to show that resting state networks have been shown to 
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be consistent in the temporal, spatial and frequency parameters among 
different individuals (141). In saying that, the reason for the differences in 
task based connectivity of the human brain is hypothesized to be related to 
the differences of networks at rest. It is thought that the either the strength 
of positive connectivity of a particular region with the task-positive 
network at rest or the strength of negative connectivity of the region with 
the default mode resting state network influence the differences in the 
networks seen while performing a task . Hence it cannot be said with 
absolute certainty that resting networks remain the same across individuals, 
which forms a major drawback to our study. The functional connectivity of 
the brain also represents the maturity of a developing brain which may be 
different in different individuals (142).  
The other limitation of our study is that we did not analyze the individual 
brain networks of the medical students. From the data that we collected, 
there were a few individuals proficient in sports, music etc. There were also 
two individuals with excellent academic performance. Will there be a 
difference in the networks and their interactions is something which is 
unknown. However, these differences were not statistically significant 
when assessing the difference between the two groups and hence is not 
relevant in our study.  
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7 CONCLUSION: 
	
It has been known that learning modulates the various networks in the 
brain. Our study showed significant differences between resting state 
networks in a group of individuals who completed five years of medical 
training as compared to a baseline of a group of individuals with no medical 
training exposure. The two groups were adequately matched in age, sex and 
living conditions. These changes were seen located in the right inferior 
temporal gyrus which is the seat of many cognitive functions like language, 
emotion and memory. Changes were also seen in the left cerebellar 
hemisphere. Cerebellum as a whole is known to play a role in fine motor 
functions, language and visual learning. Studies have shown that perceptual 
learning changes the resting state networks associated with vision and task. 
The changes were seen to be predominantly between the interactions of 
networks and there were no obvious changes seen within a single network 
itself (143), hence the interaction of various networks is of equal 
importance. Our study showed the interactions between the temporal and 
frontal lobes which play an important role in memory as described above 
and also cerebello-cortical interactions which is important in cognition. 
As discussed above studies have shown the effects of education / different 
educational methods on the brain networks (148) and also the number of 
years of education is said to influence the connectivity related working 
memory (95). In this study we have also come to a better understanding of 
normal brain networks in this age group of medical students which helps in 
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further studies related to abnormalities in various cognitive disabilities. For 
us to understand an abnormality, a good understanding of the normal 
networks is essential. There have already been many studies related to 
cognitive disabilities and many more are still required to further research 
in this aspect and help to understand these disorders a little better and help 
in treatment / rehabilitation. The limitation in our study was that we studied 
the changes between different individuals and the difference in the baseline 
resting state networks may have been different. To overcome this, a follow 
up study is being developed wherein we would like to assess the changes 
in the resting state functional networks of the second group of individuals 
after five years. This was the group with no exposure to medical training 
and are currently pursuing first year of medicine, they will be evaluated at 
the end of four and half years of medical training.     
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8.2 Consent form  
 
 
Name of the participant: 
MBBS batch:  
Study number:  
Age:  
Consent: I have been informed about the procedures of the study.  I have understood 
that I have the right to refuse my consent or withdraw it anytime during the study 
without adversely affecting my time in CMC.  I am aware that by subjecting to this 
investigation, I will have to give my time for assessments by the investigating team and 
that these assessments do not interfere with the benefits. 
I, ……………………………………………………, the undersigned, give my consent 
to be a participant  of this study program. 
 
Signature of Participant                 Signature of the witness (Name and address)
  (Name and address) 
 
 
Signature of the principal investigator: 
 
 
Name and Designation 
Date: 
Place:  
 
For any queries please contact, Dr. Sheena Prineethi G. (9952544936) or Dr. Sunithi 
Mani  
 
If at any point in the study, you feel that you would like to approach a higher authority 
regarding any concerns or doubts which you wish to not share with the people involved 
in the study, you are free to contact Dr. Solomon Satish (9443037547) 
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